Abstract The objective of this study was to evaluate the influence of sugar composition on the sensory attributes of seven baked sweet potatoes. The sugar composition was analyzed using high performance liquid chromatography. Results showed that the total sugar content of baked sweet potatoes increased significantly because of the formation of maltose. The maltose content dramatically increased after baking, and became the major sugar component of baked sweet potatoes. On the other hand, baked sweet potatoes were evaluated on a 7-point hedonic scale for sensory analysis. Overall acceptability results showed that the panelists preferred baked CYY95-26 and TNG66 over the other baked varieties. Because the correlation between overall acceptability and sweetness was the highest (r00.69, p<0.01), sweetness was determined as the most important factor determining the overall acceptability of baked sweet potatoes. Although sugar composition changed on baking, the overall acceptability of baked sweet potatoes was highly associated with the sucrose content.
Introduction
Sweet potatoes (Ipomoea batatas (L.) Lam) contain substantial amounts of nutrients, such as vitamin C and β-carotenes, and are a very important food source in Asia and developing countries (Lien et al. 2012; Rumbaoa et al. 2009 ). Baking is the most popular method of cooking sweet potatoes (Collins et al. 1995) . Consumers enjoy the pleasant odor and flavor of baked sweet potatoes. Although chemical composition analysis of sweet potatoes has been previously documented (Ahmed et al. 2010; Ahromrit and Nema 2010; Aina et al. 2009; Picha 1985; Picha 1986; Vimala et al. 2011) , little information on the effect of baking has been reported (Lai et al. 2011) .
Sweet potatoes are usually baked at 180-220°C for 60-90 min, depending on tuber size (Bradbury and Singh 1986; Losh et al. 1981) . Baking changes the sugar composition and starch morphology of sweet potatoes, resulting in a sweet odor and a soft texture (Lai et al. 2011; Tiu et al. 1985) . Although one of the major characteristics of sweet potato flavor is sweetness, volatile components of baked sweet potatoes have seldom been reported . Data correlating sugar composition and sensory characteristics will assist manufacturers in producing baked sweet potatoes with better quality. The results of this sensory study can additionally be used to predict the overall acceptability (Saxena et al. 2011) .
Starch is the major carbohydrate found in sweet potatoes, and comprises approximately 20 % of the fresh tuber (Aina et al. 2009 ). Baking breaks down starch granules to form disaccharides and monosaccharides. Although the sugar composition of sweet potatoes mainly depends on the type of cultivar (Aina et al. 2009 ), Koehler and Kays (1991) reported that the taste of baked sweet potatoes was mainly determined by their sugar content. Previous studies revealed that fresh sweet potatoes contained sucrose, glucose, and fructose (Picha 1986 ) but not maltose (Zhang et al. 2002) .
Sucrose is the major sugar component of fresh sweet potatoes (Zhang et al. 2002) and the most important sugar for predicting sweetness (Corrigan et al. 2000) . However, baking changes the sugar composition. For example, sucrose is degraded by thermal treatments (Claude and Ubbink 2006; Simkovic et al. 2003) . Therefore, it is necessary to understand the sugar composition and effects of baking for studying the sensory attributes of baked sweet potatoes.
The purpose of this study is to analyze the sugar composition of baked sweet potatoes, and correlate these results with those of the evaluation of sensory attributes of baked sweet potatoes. The major factor influencing the overall acceptability of baked sweet potatoes was subsequently determined.
Materials and methods

Sample preparation
Seven fresh sweet potato varieties, including CYY95-26, CYY95-66, TARI97-01, TNG57, TNG64, TNG66, and TNG73, were provided by the Taiwanese Agricultural Experimental Station (TARI) Chia-Yi Branch where the longitude, latitude, and altitude are E120.468049, N23.484503, and 79 m respectively. These varieties were chosen because of their popularity in Taiwanese Table 1 .
After field harvest of sweet potatoes, 25 tubers (each weighing 175±25 g) were randomly selected for each variety. Of these, five tubers were cut manually into small cubes (approximately 0.5×0.5×0.5 cm) and heated to 105°C for 16 h in a vented convection oven (Purcell and Water 1988) . The moisture content was calculated as the percentage ratio of each tuber's dry weight to its fresh weight. In this study, the sugar composition analysis results were all based on dry weight.
Baking process
For each sweet potato variety, ten unpeeled sweet potato tubers were wrapped in an aluminum foil and weighed. These tubers were placed in a baking oven (model No. HW-5899, 1400W, Cyuan Cheng Kung, Co., Ltd., Taiwan) preheated to 200°C and baked for 90 min. After baking, the tubers were placed on a stainless steel plate to cool. After cooling to room temperature, each tuber was reweighed and moisture content was calculated. For each variety, five of the baked sweet potato tubers were peeled and then mashed Data were mean ± SD of triplicates (n03) Means within each column followed by the same letter are not significantly different at 5 % level by Fisher , s protected least significant difference (LSD) test using a grinder. The mash for each variety was used for subsequent sugar composition analysis.
Sugar composition analysis
A five-gram sample of each sweet potato mash was added to a sealed test tube. Five milliliters of 80 % ethanol was added to each sample and mixed. The test tube was placed in a water bath at 80°C for 15 min. Subsequently, 2.5 mL of 80 % ethanol was added at 15 and 30 min. Fresh 80 % ethanol was then added to bring the total volume to 10 mL. The mixture was filtered using a Whatman No. 4 filtering paper. The filtrate was collected, filtered through a 0.45 μm membrane filter, and injected into a high performance liquid chromatograph (HPLC). Sugar content was determined using a modified method provided by Picha (1985) . Sugars were analyzed using HPLC (Pump model No. LC1150: GBC Scientific Equipment, Dandenong, Australia) equipped with a reverse-phase C-18 column (Model No. LiChrolut RP-18: Merck, Darmstadt, Germany). A refractive index detector (Model No. LC1246K: GBC) was used to analyze the signals. The column was heated to 45°C. The mobile phase was a mixture of degassed HPLC-grade acetonitrile (80 %) and distilled water (20 %). The flow rate was 1 mL/min. Four sugar standards were used: glucose, fructose, sucrose, and maltose (Sigma Chemical Co., St. Louis, MO, USA). Each sugar standard was prepared by dissolving 0.01 g of sugar in 1 mL of distilled water.
Sensory evaluation
For each variety, ten baked sweet potato tubers were peeled and cut into small cubes. The sample size was approximately 2×2×2 cm. Sensory evaluation was held at Chang Gung University of Science and Technology. Trained panelists were required to precisely evaluate specific sensory parameters such as texture and flavor (Hamann et al. 1980) . Untrained panelists were those that have no exposure to specific training in sensory evaluation. In this study, 48 untrained panelists consisting of students and staff of the nursing department were selected to evaluate the seven baked sweet potato samples in the nutrition and sensory laboratory. All of these panelists had previously served on other sensory panels. These untrained panelists were chosen to represent the general consumers for determining the overall acceptability of markets. The panelists included 10 males (20.8 %) and 38 females (79.2 %). Forty-two (87.5 %) panelists liked eating baked sweet potatoes and 6 (12.5 %) did not. The average frequency of eating baked sweet potatoes was three times every 6 months. In general, more than 75 % of the panelists who like eating baked sweet potatoes considered that the major factors determining the overall acceptability of baked sweet potatoes were odor and sweetness (Table 2) .
Samples were evaluated on a 7-point hedonic scale ranging from 1 0 dislike extremely to 7 0 like extremely (Sulaeman et al. 2003; Truong and Walter 1994) . The panelists sat in individual booths and received one coded sample at a time in a random order. Panelists were instructed before testing in regards to how to handle samples, how to mark their responses, and what information is gained from the testing. The samples were evaluated for acceptability on the basis of sensory attributes, including appearance, odor, color, sweetness, chewiness, ease of swallowing, moisture, hardness, and bitterness.
Statistical analysis
Sugar composition analysis were performed in triplicates, and the significance level was set at 0.05 (α00.05). A difference was considered statistically significant when *p<0.05. Sugar content values were reported as mean ± SD. Sensory data were analyzed by descriptive statistics, correlation analysis, and analysis of variance (ANOVA). SPSS statistical software (version 14.0: IBM, Somers, New York, USA) was used to evaluate the results of sugar composition analysis and sensory evaluation.
Results and discussion
Sugar composition analysis of fresh sweet potato tubers
The moisture content of the fresh sweet potato tubers was approximately 70 %, and this result was similar to the results reported by Rumbaoa et al. (2009) . After baking, each tuber lost approximately 10.5 % of its weight because of moisture evaporation. The results of sugar composition analysis of the seven sweet potato varieties are shown in Table 1 . Total sugar content values for the fresh tubers were between 1 % and 2.5 %. CYY95-26 had higher total sugar content and TNG73 had lower total sugar content. Sucrose was the major sugar component of fresh sweet potatoes and almost no maltose was detected. Fructose and glucose contents were less than sucrose content. Zhang et al. (2002) concluded that glucose was the major sugar component of fresh sweet potatoes, and fructose content was similar to sucrose content. The results of sugar composition analysis obtained in this study differed from those reported by Zhang et al.
Sugar composition analysis of baked sweet potato tubers
Total sugar content, including fructose, sucrose, maltose, and glucose, was significantly increased after baking (Table 2) . Takahata et al. (1992) also reported the increase in total sugar content after thermal treatment. According to this study, the total sugar content of baked sweet potatoes was in the order TNG66 > TNG57 > TNG73 > CYY95-66 > TARI97-01 > TNG64 > CYY95-26. The most noticeable difference was the formation of maltose. The maltose content dramatically increased after baking, and thus, maltose became the major sugar component of baked sweet potatoes. The total sugar content of TNG73 was increased by 386 % mainly because of the formation of maltose. The maltose content of the seven sweet potato varieties was in the order TNG57 > TNG66 > TARI97-01 > CYY95-66 > TNG73 > TNG64 > CYY95-26. On the other hand, fructose and glucose contents were not significantly affected by baking and were relatively lower than sucrose and maltose contents. The sucrose content was slightly reduced by baking, except for in TNG66 and TNG73, and was no longer the major sugar component of baked sweet potatoes. The sucrose content of baked sweet potatoes was in the order CYY95-26 > TNG66 > TNG73 > TNG57 > CYY95-66 > TNG64 > TARI97-01. Vanhal and Blond (1999) and Simkovic et al. (2003) reported that the baking temperature had significantly impacted sucrose degradation.
Caramelization of sucrose not only changed the color but also converted sucrose to form oligomers and polymers. Thus, a reduction in sucrose content was expected. However, the sucrose content increased in TNG66 and TNG73 after baking. Because the change in sugar composition could significantly affect the sensory attributes of baked sweet potatoes, more studies should be conducted to understand the mechanism of maltose formation and sucrose degradation.
Sensory evaluation of baked sweet potatoes
Correlation analysis results of the sensory attributes of baked sweet potatoes are shown in Table 3 . Correlation analysis was used to justify if there was a linear relation between two selected sensory parameters. All relations were initially assumed to be linear then run the correlation analysis. When the correlation number was close to 1, the relation between selected sensory parameters was linear. Otherwise, the relation was nonlinear. All sensory attributes except bitterness were positively correlated with each other. Overall acceptability was positively correlated with every sensory property. Because the correlation between overall acceptability and sweetness was the highest (r00.69, p<0.01), sweetness was determined as the most important factor determining the overall acceptability of baked sweet potatoes. Because sweetness was the major factor, the results of sugar composition analysis have the potential to predict the overall acceptability of baked sweet potatoes. Meanwhile, the correlation between overall acceptability and moisture was 0.64 (p<0.01). Similar to sweetness, moisture was also an important factor determining the overall acceptability of baked sweet potatoes. In addition, chewiness, ease of swallowing, hardness, odor, and color were positively correlated with overall acceptability (r>0.57, p<0.01). Based on sensory evaluation results, sweetness and moisture were considered as the major factors determining overall acceptability. Odor was also a factor but not as important as sweetness and moisture. The overall acceptability of seven baked sweet potatoes is shown in Table 4 . CYY95-26 and TNG66 had higher overall acceptability, while CYY95-66 had lower overall acceptability. No significant difference was observed between TARI97-01, TNG57, TNG64, and TNG73. Overall acceptability results showed that the panelists preferred baked CYY95-26 and TNG66 over the other baked varieties.
The effect of sugar composition on sensory attributes Because overall acceptability and sweetness had the highest correlation, baked sweet potatoes with higher sugar content are assumed to have better overall acceptability. Corrigan et al. (2000) reported that sweetness could be predicted by sucrose content. After performing correlation analysis for sugar composition and overall acceptability, sucrose was found to be highly correlated with the overall acceptability of baked sweet potatoes (r00.77). The rest of sugars were not positively correlated with the overall acceptability. Since CYY95-26 and TNG66 had higher sucrose content, they had better overall acceptability. On the other hand, CYY95-66, TNG64, and TARI97-01 had lower sucrose content; therefore, they had the lowest overall acceptability. Thus, the sucrose content was considered a good indicator predicting the overall acceptability of baked sweet potatoes. Although sugar composition changed on baking, the overall acceptability of baked sweet potatoes was mainly determined by the sucrose content. Thus, it is better to select the sweet potato variety with higher sucrose content.
Conclusions
Total sugar content of sweet potatoes was significantly increased after baking. Baking treatment significantly changed the sugar composition of sweet potatoes, and caused maltose to become the major sugar component. More studies should be conducted to understand the mechanism of maltose formation and sucrose degradation caused by baking. The overall acceptability of baked sweet potatoes was highly associated with sweetness. Although sugar composition changed on baking, the overall acceptability of baked sweet potatoes was mainly determined by the sucrose content. As a result, CYY95-26 and TNG66 had better overall acceptability than CYY95-66, TNG64, and TARI97-01. It is better to select the sweet potato variety with higher sucrose content. Results of this study will aid breeders and manufacturers select proper sweet potato varieties for the baked sweet potato market.
